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PATENT 

ATTORNEY DOCKET NO. 045636-5052 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of : Philippe ROCH et al. 



U.S. National Phase Application 
Filed : January 8, 2002 

U.S. Application No.: To Be Assigned 

Date of National 



Stage Entry 



: Concurrently 



Based on PCT/FR00/01975 

Filed : July 7, 2000 

For: ANTIMICROBIAL PEPTIDES 
DERIVED FROM MOLLUSKS 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 



Group Art Unit: Unassigned 
Examiner: Unassigned 



PRELIMINARY AMENDMENT 

Please note that the English language title of the PCT publication has been changed to 
correct the spelling of MOLLUSKS. 



Please substitute the following for the paragraph bridging pages one and two. 
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— According to a preferred embodiment of an antimicrobial peptide in accordance with 
the invention, it comprises the following sequence (I) (1-letter code): 
HX 1 HX2CTSYX3CX4KFCGTAX 5 CTX 6 YX 7 CRX 8 LHX9GKX 1 oCX 1 ,CX 12 HCSR (I) 
in which: X, = P or S, X 2 = V or A, X 3 = Y or W, X, = S or G, X 5 = S or G, X 6 = R or H, 
X 7 = G or L, X 8 = N or V, X 9 = R or P, X l0 = L or M, X„ = F or A, and X, 2 = L or V. 
(SEQ ID NO: 5)~ 

Please substitute the following for the paragraph on page 2, lines 6-11. 

Advantageously, a peptide in accordance with the invention comprises one of the 
following sequences (la) or (lb) (1-letter code): 

HSHACTSYWCGKFCGTASCTHYLCRVLHPGKMCACVHCSR (la) (SEQ ID NO:6) 
HPHVCTSYYCSKFCGTAGCTRYGCRNLHRGKLCFCLHCSR (lb) (SEQ ID NO:7). 

Please substitute the following amended claims for claims 2-4. 

2. (Amended) The peptide of claim 1, comprising the following sequence (I): 
HX l HX2CTSYX3CX4KFCGTAX 5 CTX 6 YX 7 CRX 8 LHX 9 GKX 1 oCX, ,CX 12 HCSR (I) 
in which: X, = P or S, X 2 = V or A, X 3 = Y or W, X 4 = S or G, X 5 = S or G, X 6 = R or H, 
X 7 = G or L, X 8 = N or V, X 9 = R or P, X, 0 = L or M, X n = F or A, and X 12 = L or V 
(SEQ ID NO: 5). 
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3. (Amended) The peptide of claim 2, chosen from the group consisting of: 

- a peptide comprising the following sequence (la): 

HSHACTSYWCGKFCGTASCTHYLCRVLHPGKMCACVHCSR (la) (SEQ ID NO: 6) 

- a peptide comprising the following sequence (lb): 

HPHVCTSYYCSKFCGTAGCTRYGCRNLHRGKLCFCLHCSR (lb) (SEQ ID NO: 7). 

4. (Amended) A nucleic acid comprising a sequence encoding the peptide as claimed in 
claim 1. 

Please cancel claims 5, 9 and 10. 

Please add the following new claims 11-18. 

11. A nucleic acid comprising a sequence which encodes a peptide as claimed in claim 2. 

12. A nucleic acid comprising a sequence which encodes a peptide as claimed in claim 3. 

13. A method of detecting a nucleic acid as claimed in claim 4 comprising screening a 
nucleic acid library with a fragment of more than 15 base pairs of the coding region of 
either SEQ ID NO:l or SEQ ID NO: 3. 

14. A prokaryotic or eukaryotic cell transformed with a nucleic acid sequence as 
claimed in claim 1 1 . 
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15. A method of producing a myticin antimicrobial peptide which has a molecular mass 
of approximately 4.5 kDa, a pi of approximately 8.7 and containing 8 cysteine residues, 
comprising culturing the transformed cell of claim 8 under conditions effective for the 
expression of the nucleic acid which encodes the myticin peptide. 

16. A method of producing a myticin antimicrobial peptide which has a molecular mass 
of approximately 4.5 kDa, a pi of approximately 8.7 and containing 8 cysteine residues, 
comprising culturing the transformed cell of claim 14 under conditions effective for the 
expression of the nucleic acid which encodes the myticin peptide. 

17. A method of treating a bacterial, fungal or parasitic infection in a patient or animal 
comprising administration of an amount of the myticin antimicrobial peptide of claim 1 
effective to inhibit further growth of the infectious organism. 

18. A method of treating a bacterial, fungal or parasitic infection in a patient or animal 
comprising administration of an amount of the myticin antimicrobial peptide of claim 2 
effective to inhibit further growth of the infectious organism. 
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REMARKS 



Applicants respectfully submit that no prohibited new matter has been introduced 
by this Preliminary Amendment and that claims 1- 4 and 6-18 including amended claims 
2 to 4 and newly added claims 1 1-18 are drawn to the same invention as claims 1-10 of 
International Application PCT/FROO/01975. The changes to the claims were made to 
bring the claims into compliance with US rules and do not represent a narrowing of the 
claimed subject matter. The changes designed to avoid objections are multiply dependent 
claims have been removed to avoid multiply dependent claims depending from multiply 
dependent claims (see original claims 4, 9 and 10); the re-phrasing of original claim 10 
which was drafted as a "use" claim has been correctly presented as method claims 17 and 
18; sequence identifiers have been introduced where necessary; the sequence options for 
amino acid X 12 in the sequence of claim 2 have been corrected to reflect the options 
presented with respect to the two sequences in original claim 3. Similarly, the sequence 
set forth in claim 2 has been corrected in the paragraph bridging pages 1 and 2 of the 
specification to reflect the sequence options for amino acid X J2 as lysine or valine as 
indicated in the sequences set forth in original claim 3. The method of treating infections 
claimed in new claims 17 and 18 is further supported by Example 2 on pages 8 - 1 1 of the 
specification. 

A marked-up version of the changes to the specification and comparing amended 
claims 2-4 to original claims 2-4 is attached. 

If there are any other fees due in connection with the filing of this Preliminary 
Amendment, please charge the fees to our Deposit Account No. 50-0310. 



Date: January 8, 2002 

Morgan, Lewis & Bockius llp 



Respectfully submitted, 
Morgan, Lewis & Bockius llp 



Customer No. 009629 
1800 M Street, N.W. 




Washington, D.C. 20036-5869 



Registration No. 44,478 
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Marked-up Version of the Amendments 

As to the substitution of the paragraph bridging pages one and two: 

According to a preferred embodiment of an antimicrobial peptide in accordance with the 
invention, it comprises the following sequence (I) (1-letter code): 

HX 1 HX 2 CTSYX 3 CX4KFCGTAX5CTX 6 YX 7 CRX 8 LHX 9 GKX 10 CX 11 CX 12 HCSR (I) 
in which: X! = P or S, X 2 = V or A, X 3 - Y or W, X 4 = S or G, X 5 = S or G, X 6 - R or H, 
X 7 = G or L, X 8 = N or V, X 9 = R or P, X, 0 = L or M, X n = F or A, and X J2 = Lor [H] V 
($EQ ID NO: 5) .- 



As to the substitution of the paragraph on lines 6-11 of page two: 

Advantageously, a peptide in accordance with the invention comprises one of the 
following sequences (la) or (lb) (1-letter code): 

HSHACTSYWCGKFCGTASCTHYLCRVLHPGKMCACVHCSR (la) (SEP TP NO:6^ 
HPHVCTSYYCSKFCGTAGCTRYGCRNLHRGKLCFCLHCSR (lb) fSEO ID NO:7V 
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As to amended claims 2-4: 



2. (Amended) The peptide of claim 1, comprising the following sequence (I): 
HX 1 HX 2 CTSYX 3 CX 4 KFCGTAX5CTX 6 YX 7 CRX 8 LHX 9 GKX 1 oCX 1 iCX^HCSR (I) 

in which: X! - P or S, X 2 = V or A, X 3 - Y or W, X 4 = S or G, X 5 = S or G, X 6 = R or H, 
X 7 = G or L, X 8 - N or V, X 9 - R or P, X 10 = L or M, X n = F or A, and X l2 -Lor [H] V 
( SEQ ID NO: 5) . 

3. (Amended) The peptide of claim 2, chosen from the group consisting of: 

- a peptide comprising the following sequence (la): 

HSHACTSYWCGKFCGTASCTHYLCRVLHPGKMCACVHCSR (la) rSEO TP NO: fi) 

- a peptide comprising the following sequence (lb): 

HPHVCTSYYCSKFCGTAGCTRYGCRNLHRGKLCFCLHCSR (lb) fSEO TP NO: 7V 

4. (Amended) A nucleic acid comprising a sequence encoding the peptide as claimed in 
[any one of] claimfs] 1 [to 3]. 
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ANT I MICROBIAL PEPTIDES ON MOLLUSKS 



The invention relates to novel antimicrobial peptides 
produced by mollusks. 

Polypeptides possessing antimicrobial properties are 
produced by a large variety of species (animal or plant 
species), in which they contribute to nonspecific 
mechanisms of defense against infections. 



In the case of bivalve mollusks, to date, in Mytilus 
galloprovlnclalls , a peptide named MGD-1 has been 
identified, which is related to insect defensins 
[HUBERT et al., Eur. J. Biochem. , 240, 302-306, (1996)]; 
15 peptides of the defensin family have also been demon- 
strated in Mytilus edulls, as have peptides named 
"mytilins" [CHARLET et al., J. Biol. Chem. , 271, 21808- 
21813, (1996) ] . 

20 The inventors have now demonstrated novel antimicrobial 
peptides produced by Mytilus galloprovlnclalls , which 
are different from the MGD1 defensins and form the 
previously known mytilins. 

25 A subject of the present invention is antimicrobial 
peptides, hereinafter named: "myticins" , which have the 
following characteristics: 

- their molecular mass is approximately 4.5 kDa; 
30 - their pi is approximately 8.7; 

- they comprise 8 cysteine residues. 

According to a preferred embodiment of an antimicrobial 
peptide in accordance with the invention, it comprises 
35 the following sequence (I) (1-letter code): 

HX l HX 2 CTSYX3CX4KECGTAX 5 CTX 6 YX 7 CRX 8 LHX 9 GKX 1 oCX il CX 1 2HCSR ( I ) 



AMENDED PAGE 
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in which: Xi = P or S, X 2 = V or A, X 3 = Y or W, X 4 = S 

or G, X 5 - S or G, X 6 = R or H, X 7 = G or L, X 8 = N or 

V, X 9 = R or P, X 10 == L or M, Xn = F or A, and X 12 = L 

5 or V. 



AMENDED PAGE 
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in which: Xi = P or S, X 2 = V or A, X 3 = Y or W, X 4 - S 
or G, X 5 = S or G, X 6 = R or H, X 7 = G or L, X 8 = N or 
V, X 9 - R or P, Xio = L or M, Xn = F or A, and X 12 = L 
or H. 

5 

Advantageously, a peptide in accordance with the inven- 
tion comprises one of the following sequences (la) or 
( lb) ( 1-letter code) : 

10 HSHACTS YWCGKFCGTASCTHYLCRVLHPGKMCACVHCSR (la) 
HPHVCTS YYCSKFCGTAGCTRYGCRNLHRGKLCFCLHCSR ( lb) 

The sequences (la) and (lb) represent the mature forms, 
isolated from the hemolymph of Mytilus galloprovin- 
15 cialis, of 2 myticins named Myticin a and Myticin b, 
the cDNAs of which have also been cloned by the 
inventors. By way of illustration of the subject of the 
present invention, the characteristics of Myticin a and 
Myticin b are more specifically indicated below. 

20 

The cDNA sequence and the polypeptide sequence of 
Myticin a are represented in the attached sequence 
listing, under the numbers SEQ ID NO: 1 and SEQ ID 
NO: 2. The cDNA sequence and the polypeptide sequence 
25 of Myticin b are represented in the attached sequence 
listing, under the numbers SEQ ID NO: 3 and SEQ ID 
NO: 4 . 

The 40 amino acid active peptide, corresponding to the 
30 sequence (I), and more particularly to one of the 
sequences (la) and (lb), is flanked by a 20 amino acid 
signal sequence and by a 36 amino acid C-terminal 
peptide. The signal sequence is thought to enable the 
addressing of the translation ■ product toward the 
35 endoplasmic reticulum. The C-terminal peptide would 
then enable addressing toward the cytoplasmic granules 
in which the myticins are stored in mature form, and/or 
protection of the cell against possible cytolytic 
activity of the mature peptide. 
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The molecular mass of the mature form of Myticin a is 
4438 Da; the molecular mass of the mature form of 
Myticin b is 4562 Da. 

5 

Myticins exhibit no significant homology with the known 
antimicrobial peptides in the prior art, and define a 
novel group of antimicrobial peptides. 

10 Myticins may be obtained by extraction from the 
mollusks which produce them, by peptide synthesis or, 
advantageously, by genetic engineering, expressing at 
least one nucleic acid sequence encoding a myticin, in 
a suitable host cell. 

15 

The present invention also encompasses nucleic acids 
comprising a sequence encoding a myticin, as defined 
above . 

20 Nucleic acids in accordance with the invention may be 
obtained by screening nucleic acid libraries using 
oligonucleotides derived from the sequences SEQ ID 
NO: 1 or SEQ ID NO: 3, or from the sequences complemen- 
tary thereto. The oligonucleotides which can be used 

25 for this purpose are also part of the subject of the 
present invention; advantageously, these oligonucleo- 
tides comprise at least 15 bp, and preferably at least 
20 bp, of the coding region of one of the sequences SEQ 
ID NO: 1 or SEQ ID NO: 3, or of the sequence comple- 

30 mentary thereto. 

The nucleic acids in accordance with the invention also 
encompass the expression cassettes comprising at least 
one nucleic acid sequence encoding- a myticin, placed 
35 under the transcriptional control of a suitable 
promoter . 

The term x> suitable promoter" is intended to mean any 
promoter which is functional in the host cell intended 
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to harbor the expression cassette. It may be a 
constitutive promoter or an inducible promoter; it may 
also be, when the cassette is intended for the 
expression of a myticin in an animal or a plant, a 
5 tissue-specific promoter. 

An expression cassette in accordance with the invention 
may also comprise at least one sequence encoding a 
suitable addressing sequence; said addressing sequence 

10 may be chosen from those which are naturally associated 
with myticins, such as the signal sequences and/or the 
C-terminal sequences associated with the Myticin a and 
Myticin b isoforms described above; it is also possible 
to choose one or more heterologous addressing sequences 

15 which are functional in a given host cell: they may in 
particular be sequences which allow the addressing of a 
myticin toward a given cellular compartment, or its 
secretion into the culture medium. 

20 A subject of the invention is also: 

- recombinant vectors, characterized in that they 
comprise at least one nucleic acid sequence in 
accordance with the invention, encoding a myticin, and, 

25 in particular, vectors comprising an expression 
cassette as defined above. 

- prokaryotic or eukaryotic cells transformed with at 
least one nucleic acid sequence in accordance with the 

30 invention. They may be cells in culture or cells which 
form part of an animal or plant multicellular organism. 
The nucleic acid sequence in accordance with the 
invention present in a transformed cell may be either 
incorporated into the chromosomal DNA of said cell, or 

35 be carried by an ext rachromosomal vector. 

A subject of the invention is also a method for 
producing a myticin, characterized in that it comprises 
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expressing said myticin in at least one transformed 
cell in accordance with the invention. 

The myticins in accordance with the invention may be 
5 expressed in cultures of cells transformed using 
techniques similar to those used for antimicrobial 
peptides of the prior art, for example in insect cells, 
as described by HELLERS et al. [Eur. J. Biochem. 199, 
pp. 435-439, (1991)] for cecropins, or in yeast, as 
10 described by REICHHART et al. [Invertebrate Reproduction 
and Development, 21, pp. 15-24, (1992)]. 

They may also be expressed in transgenic animals or 
plants, in order to increase the resistance thereof to 

15 infections, as described, for example, by JAYNES et al. 
[Plant Science, 89, pp. 43-53 (1993)] in the case of 
peptides analogous to cecropin B, expressed in trans- 
genic tobacco plants, or by NORELLI et al. [Euphytica, 
77, pp. 123-128 (1994)] for transgenic apple tree plants 

20 expressing the attacin-E gene. 

The myticins can be used in particular for producing 
anti-infectious, for example antibacterial or 

fungicidal, products, and in particular medicinal 
25 products . 

Such products are applied for preventing and treating 
various microbial diseases, in very varied sectors, in 
particular in the domains of health and of agriculture, 
30 and in that of aquaculture, in order to limit the 
development of infectious diseases in breeding stocks. 

The present invention will be more clearly understood 
from the further description -which follows, which 
35 refers to examples of purification and of characteriza- 
tion of the myticins. 
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EXAMPLE 1: ISOLATION OF ANTIMICROBIAL PEPTIDES FROM THE 
HEMOLYMPH OF MYTILUS GAZLOPROVINCIALIS 

Preparation of the hemolymph fractions 

5 

An immune reaction is induced in adult mussels {Mytilus 
galloprovincialis) according to the following protocol: 
the liquid is removed from the shell, and 100 ul of a 
suspension of bacteria (10 9 bacteria/ml) or of fungi 

10 (suspension of hyphae at 1 OD at 600 nm) , heat-killed 
beforehand, are injected into the adductor muscle. The 
hemolymph (approximately 0.5 ml/animal) is removed from 
the posterior adductor muscle using a syringe, in the 
presence of one volume of MAS (Modi f ied Alsevier 

15 Solution) anti-aggregat ing buffer, and immediately 
centrifuged at 800g for 15 min at 4°C. Aprotinin 
(5 ug/ml) is added to the supernatant, corresponding to 
the plasmatic fraction, which is frozen (-80°C) until 
use, and the cell pellet is dried and stored at -80°C 

20 until use. 

Purification of myticins 

Plasmatic fraction: The plasma is diluted (1:1 v/v) in 
25 water sterilized by ultrafiltration (MilliQ) , to which 
0.1% of trif luoroacet ic acid has been added. The pH is 
brought to 3.9 by adding 1 M HC1, with stirring, in an 
iced water bath for 30 min. After centrif ugation 
(10 000 g, 20 min, 4°C), the supernatant is harvested 
30 and kept at 4°C until use. 

Hemocytes: After thawing, the hemocyte pellet is 
resuspended in 5 volumes of 50 mM Tris buffer, pH 8.7, 
containing 50 mM NaCl, and homogenized. After centri- 
35 fugation (10 000 g, 20 min, 4°C) , the pellet containing 
the cellular organelles is taken up in 3 volumes of 2 M 
acetic acid and treated by sonication (3 x 30 s) in an 
iced water bath. After removal of the debris by 



centrif ugation (10 000 g, 20 min, 4°C), the acid 
extract is stored at 4°C until use. 

HPLC purification 

The plasmatic fraction or the acid extracts of 
hemocytes are loaded onto SEP-PAK C18 VAC columns 
(WATERS ASSOCIATES) pre-equi 1 ibrated with acidified 
(0.05% trif luoroacetic acid) water. After washing with 
the acidified water, 2 successive elutions are carried 
out with solutions of acetonitrile at 10% and 40% in 
acidified (0.05% tri f luoroacetic acid) water. The 
fractions obtained are lyophilized and reconstituted 
with ult raf iltered water, before being subjected to 
reverse-phase HPLC chromatography. 

All the HPLC purification steps were carried out on a 
BECKMAN GOLD HPLC system equipped with a BECKMAN 168 
detector. The elution is monitored by measuring UV 
absorption at 225 nm. 

Step 1: The fractions eluted on SEP-PAK at 40% of 
acetonitrile are loaded onto a SEPHASIL C18 reverse- 
phase HPLC column (250 mm x 4 . 1 mm) (PHARMACIA). Elution 
is carried out with a linear gradient of 5 to 50% of 
acetonitrile in the acidified water, for 90 min at a 
flow rate of 0.9 ml/min. The fractions corresponding to 
the absorbence peaks are collected in polypropylene 
tubes (MICROSORB, 75 x 12 mm, NUNC IMMUNOTUBES ) , dried 
under vacuum and reconstituted with ult raf iltered 
water, prior to testing their antimicrobial activity. 

Step 2: The active fractions recovered at the end of 
step 1 are loaded onto a SEPHASIL C8 reverse-phase HPLC 
column (250 mm x 4.1 mm) (PHARMACIA). The elution is 
carried out, at a flow rate of 0.9 ml/min, with a 
linear gradient of 20 to 30% of acetonitrile in the 
acidified water for 40 min. 
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Step 3: The active fractions recovered at the end of 
step 2 are loaded onto a SEPHASIL C18 column (250 mm x 
4.1 mm) (PHARMACIA), using the biphasic gradient 
described in step 2, at a flow rate of 0.9 ml/min. 

5 

Step 4: The final purification step is carried out on a 
DELTA PAK HPI C18 reverse-phase column (2 x 150 mm) 
(WATERS ASSOCIATES) , using the biphasic gradient 
described in step 2, at a flow rate of 0.3 ml/min. 

10 

EXAMPLE 2 : ANTIMICROBIAL ACTIVITY OF THE PEPTIDES 
OBTAINED 

Microorganisms used: 

15 

The list of the microorganisms used to determine the 
antimicrobial activities of Myticin a and of Myticin b 
is indicated below, in table 1. 

2 0 Antibacterial assays and determination of the MBC : 

The minimum bactericidal concentration (MBC) of the 
peptides was determined according to the protocol 
described by HANCOCK et al. [http://www.interchg.ubc.ca/ 
25 bobh/methods . htm] . 

A series of successive doubling dilutions of the 
peptides, in an aqueous solution containing 0.01% of 
acetic acid and 0.2% of bovine serum albumin ( BSA ) , is 
30 prepared. 

10 pi aliquots of each dilution are incubated in 
sterile 96-well polypropylene microtit rat ion plates, in 
the presence of 100 pi of bacterial suspension at a 
35 starting optical density of A 600 = 0.001, in MUELLER 
HINTON BROTH liquid medium. The incubation is carried 
out for 18 h at 37°C with stirring, except in the case 
of the marine bacteria, for which the incubation is 
carried out 25°C. The MBC is determined by plating out, 
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onto solid MUELLER HINTON AGAR medium, the content of 
the wells corresponding to the first 3 dilutions for 
which no bacterial growth is observed, and incubating 
at 37°C for 18 hours. The lowest concentration of 
5 peptide which prevents any residual formation of 
colonies corresponds to the MBC . 

Antifungal activity : 

10 The antifungal activity was determined by calculating 
the MIC (minimum inhibitory concentration) in a test of 
inhibition of Fusarlum oxysporum growth in liquid 
phase, according to the protocol described by FELHBAUM 
et al. [J. Biol. Chem., 269: 33159-63, (1994)]. 

15 

A series of successive doubling dilutions of the 
peptides is prepared as indicated above for determining 
the antibacterial activity. 

20 80 ul of spores suspended (final concentration 
10 4 spores/ml) in Potato Dextrose Broth medium (DIFCO) 
are added to 10 ul of peptide solution in sterile 
96-well polypropylene microt it rat ion plates. The final 
volume is adjusted to 100 ul by adding water. The 

25 growth inhibition is determined after incubation for 
24 hours at 25°C in the dark, by observation under a 
microscope and measurement of the increase in the ODeoo- 
The value of the MIC corresponds to a range (a-b) of 
peptide concentrations, in which (a) represents the 

30 highest concentration at which growth is observed, and 
(b) represents the lowest concentration which induces 
100% growth inhibition. 

Antiprotozoan activity : 

35 

The oyster-parasite protozoan Perkinsus marinus is 
cultured in DMEM medium (GIBCO) , according to the 
protocol described by GAUTHIER and VASTA [J. Invertebr. 
Pathol., 66, 156-168, (1995)]. 



10 uM of purified peptide are added to 4 x 10 4 P. 
marinas, in seawater (final volume 20 pi). The mixture 
is incubated for 1 hour at room temperature. The 
viability of the parasites is estimated by staining 
with acridine orange and with ethidium bromide, as 
described by MORVAN et al . [J. Invertebr. Pathol., 69, 
177-82 (1997)]. The maximum viability is evaluated, as 
a positive control, in samples to which the peptide has 
not been added. 



The results of the various 
the Myticin a and Myticin 
by table 1 below; the 
expressed in uM. 



experiments carried out, for 
b peptides, are illustrated 
biological activities are 



TABLE 1 





Myticin a 


Myticin b 


BACTERIA 


Gram-positive 


Micrococcus iuteus 


2.25-4.5 


1-2 


Bacilius megaterium 


2 .25-4 . 5 


1-2 


Staphylococcus aureus 


>20 


>20 


Listeria monocytogenes 


>20 


>20 


Aerococcus viridans 


4 . 5-9 


2-4 


Enterococcus faecalis 


>20 


N.D. 


Gram- negative 


Escherichia coli D31 


>20 


10-20 


Salmonella newport 


>20 


>20 


S. typhimurium 


>20 


>20 


Brucella suis 


>20 


>20 


Pseudomonas aeruginosa 


>20 


N.D. 


Enteromonas aerogenes 


>20 


N.D. 


Vibrio a lg inolyticus 


>20 


>20 


V. vulnificus 


>20 


>20 


V. splendidus 


>20 


>20 
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Myticin a 


Myticin b 


FUNGI 


Fusarlum oxysporum 


>20 


5-10 


OYSTER-PARASITE PROTOZOAN 


Pericinsus /narinus 


>20 


>20 



N.D.: not determined 



These results show that the 2 peptides are active, in 
particular on Micrococcus luteus; the Myticin b peptide 
5 also appears to be more active than the Myticin a 
peptide on Micrococcus iuteus r Escherichia coli and 
Fusa ri urn oxysporum . 

EXAMPLE 3: MYTICIN PEPTIDE cDNA CLONING 

10 

A cDNA library was constructed in the ZAP EXPRESS 
vector (STRATAGENE) using total poly (A) + RNAs from 
adult mussel hemocytes . A DNA probe representing 83 bp 
of the Myticin a cDNA was constructed using the PCR 

15 SCRIPT Amp (SK+) cloning kit (STRATAGENE), and labeled 
by random priming using the READY-TO-GO DNA labeling 
kit ( PHARMACIA) , and used to screen the DNA library 
transferred onto HYBOND-N membranes (AMERSHAM) . 
Hybridizations at high stringency were carried out 

20 overnight at 65°C in 5X Denhardt's solution, 5X SSPE, 
0.1% SDS, 100 ug/ml of salmon sperm DNA. The filters, 
rinsed beforehand at 65°C in 0.5 X SSC solution 
containing 0.1% SDS, were autoradiographed . A secondary 
screening was carried out in order to purify the 

25 positive clones. The phagemids were obtained by in vivo 
excision and both of their strands were sequenced. 

110 positive clones were obtained. Among these clones, 
4 were sequenced, and correspond to the Myticin a and 
30 Myticin b peptides. 



In both cases, the amino acid sequence deduced from the 
open reading frame begins with a 20 amino acid signal 
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peptide; this signal peptide is directly followed, at 
its C-terminal end, by a 40 amino acid peptide 
beginning with a histidine residue, which corresponds 
to the active form of the peptide; this active peptide 
is followed by a 36 amino acid C-terminal extension. 
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CLAIMS 



1. An antimicrobial peptide, named myticin, charac- 
terized in that it can be obtained from a bivalve 
5 mollusk, and in that 



- its molecular mass is approximately 4.5 kDa; 

- its pi is approximately 8.7; 

- it comprises 8 cysteine residues. 

10 

2. The peptide as claimed in claim 1, characterized 
in that it comprises the following sequence (I): 



HX1HX2CTSYX3CX4KFCGTAX5CTX6YX7CRX8LHX9GKX10CX11CX12HCSR ( I ) 

15 

in which: Xi = P or S, X 2 = V or A, X 3 = Y or W, X 4 = S 
or G, X 5 = S or G, X 6 = R or H, X 7 = G or L, X 8 - N or 
V, X 9 - R or P, X 10 = L or M, Xn - F or A, and X L2 = L 
or V. 

20 

3. The peptide as claimed in claim 2, chosen from the 
group consisting of: 

a peptide comprising the following sequence (la): 

25 

HSHACTS YWCGKFCGTASCTHYLCRVLHPGKMCACVHCSR (la) 

a peptide comprising the following sequence (lb) : 

30 HPHVCTS Y YCSKFCGTAGCTRYGCRNLHRGKLCFCLHCSR (lb) . 

4 . A nucleic acid comprising a sequence encoding the 
peptide as claimed in any one of claims 1 to 3. 

35 5. A method for producing the nucleic acid as claimed 
in claim 4, characterized in that it comprises screening 
a nucleic acid library using a fragment of more than 
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15 bp of the coding region of a sequence chosen from 
SEQ ID NO: 1 and SEQ ID NO: 3. 



6. An expression cassette comprising at least one 
5 nucleic acid sequence as claimed in claim 4, under the 

transcriptional control of a suitable promoter. 

7. A recombinant vector, characterized in that it 
comprises at least one nucleic acid sequence as claimed 

10 in claim 4 . 



8. A prokaryotic or eukaryotic cell transformed with 
a nucleic acid sequence as claimed in claim 4 . 

15 9. A method for producing the peptide as claimed in 
any one of claims 1 to 3, characterized in that it 
comprises expressing a nucleic acid as claimed in 
claim 4, in at least one transformed cell as claimed in 
claim 8 . 

20 

10. The use of the peptide as claimed in any one of 
claims 1 to 3, for producing an antimicrobial agent. 
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SEQUENCE LISTING 

<110> ROCH, Philippe 

MITTA, Guillaume 
HUBERT, Florence 
NOEL , Thierry 
CNRS 
IFREMER 



<12 0> ANTIMICROBIAL PEPTIDES DERIVED FROM MOLLUSKS 



<130> 045636-5052-US 



<140> 
<141> 



<150> FR 9908858 
<151> 1999-07-08 



<150> PCT/FR00/01975 
<151> 2000-07-07 



<160> 7 



<210> 1 

<211> 663 

<212> DNA 

<213> Mytilus galloprovincialis 



<220> 

<22*1> CDS 

<222> (43) . , (330) 

<220> 

<221> mat_peptide 
<222> (103) . . (222) 



<220> 

<221> sig__peptide 
<222> (43) . . (102) 



<400> 1 

aaggataata ttttgattta actgcaaact caaacgtaca at atg aag gca aca 54 

Met Lys Ala Thr 
-20 

ate ttg tta gca gtt eta gtg gca gtc ttt gtc gca ggt acg gaa get 102 
lie Leu Leu Ala Val Leu Val Ala Val Phe Val Ala Gly Thr Glu Ala 

-15 -10 -5 -1 

cat teg cac get tgt aca tea tac tgg tgt ggt aag ttt tgt gga act 150 
His Ser His Ala Cys Thr Ser Tyr Trp Cys Gly Lys Phe Cys Gly Thr 
1 5 10 15 



get agt tgc aca cat tat eta tgc aga gta etc cat ccc ggt aaa atg 198 
Ala Ser Cys Thr His Tyr Leu Cys Arg Val Leu His Pro Gly Lys Met 
2 0 2 5 3 0 



tgc gca tgt gtt cat tgc age agg gtg aac aat cct ttc aga gtt aat 246 
Cys Ala Cys Val His Cys Ser Arg Val Asn Asn Pro Phe Arg Val Asn 
35 40 45 



1 
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caa gtt get aaa agt att aac gat ttg gat tac act cca ata atg aag 294 
Gin Val Ala Lys Ser lie Asn Asp Leu Asp Tyr Thr Pro lie Met Lys 
50 55 60 

teg atg gaa aac ttg gac aat gga atg gat atg tta taagcaaaca 340 
Ser Met Glu Asn Leu Asp Asn Gly Met Asp Met Leu 
65 70 75 

acttatgeaa tgcagatcac aactgtgaat etttgetate attctcactg cttttcacct 400 

ttcaacaaac gaaaaattat cagcaacttg aaaaataaca aacttgagtc atgtctgttc 460 

agtttccagt ctaatattta tatcattata tgaaaggtat aacaaaatta gtaccattgt 520 

gttctaatag aaacaattta taaacaagaa acattacact ttaagtataa attaacagga 580 

ttttgtcctg cagctgtttt atctttcttt tctcagctat agtcttctga ttgtaataaa 640 

atagcttgaa aaaaaaaaaa aaa 663 



<210> 2 
<211> 96 
<212> PRT 

<213> Mytilus galloprovincialis 
<400> 2 

Met Lys Ala Thr lie Leu Leu Ala Val Leu Val Ala Val Phe Val Ala 
15 10 15 

Gly Thr Glu Ala His Ser His Ala Cys Thr Ser Tyr Trp Cys Gly Lys 
20 25 30 

Phe Cys Gly Thr Ala Ser Cys Thr His Tyr Leu Cys Arg Val Leu His 
35 40 45 

Pro Gly Lys Met Cys Ala Cys Val His Cys Ser Arg Val Asn Asn Pro 
50 55 60 

Phe Arg Val Asn Gin Val Ala Lys Ser lie Asn Asp Leu Asp Tyr Thr 
65 70 75 80 

Pro lie Met Lys Ser Met Glu Asn Leu Asp Asn Gly Met Asp Met Leu 
85 90 95 



<210> 3 
<211> 681 
<212> DNA 

<213> Mytilus galloprovincialis 

<220> 

<221> CDS 

<222> (13) . . (300) 

<220> 

<221> mat__peptide 
<222> (73) . . (192) 

<220> 



2 



n rh r 7 -" 11 n ~" |! ri] <n ;:::h 



<221> sig_peptide 
<222> (13) . . (72) 

<400> 3 

caaacgtaca ac atg aag gca aca atg ttg tta gca gtt gta gtg get gtc 51 
Met Lys Ala Thr Met Leu Leu Ala Val Val Val Ala Val 
-20 -15 -10 

ttt gtc gca ggt aca gaa get cat ccg cat gtt tgc aca teg tac tac 99 
Phe Val Ala Gly Thr Glu Ala His Pro His Val Cys Thr Ser Tyr Tyr 
-5 -11 5 

tgt age aag ttt tgt ggg act get ggt tgc aca cgt tat gga tgc cga 147 
Cys Ser Lys Phe Cys Gly Thr Ala Gly Cys Thr Arg Tyr Gly Cys Arg 
10 15 20 * 25 

aat etc cat cgc ggg aag ctt tgc ttc tgt ctt cat tgc age agg gtg 195 
Asn Leu His Arg Gly Lys Leu Cys Phe Cys Leu His Cys Ser Arg Val 
30 35 40 

aag ttc ccg ttt gga gca act caa gat get aaa agt atg aac gaa ctg 243 
Lys Phe Pro Phe Gly Ala Thr Gin Asp Ala Lys Ser Met Asn Glu Leu 
45 50 55 

gaa tac act cca ata atg aag teg atg gaa aat ttg gac aac gga atg 291 
Glu Tyr Thr Pro lie Met Lys Ser Met Glu Asn Leu Asp Asn Gly Met 
60 65 70 

gat atg tta taagcaaact tatgacatga agatcacaac tgtatacttt 340 
Asp Met Leu 
75 

tgetattect gtatccgett tactcctttc ttcacacttt gtaeggaate cgtcaacaga 400 

aaattcatca tcaacttgaa aactaacaaa agatgtgtcg cacacgttac actcaccagt 460 

ccataagtta tatcattaaa aaaagatgaa tcaagttacc gttaacgtgt gttcagatat 520 

atctctgaca gaagaagtaa ctgttaacaa gaaatactgt tttccctcaa gttattaaaa 580 

attagaagtc tccctgcaac tgttttatct ttccttactc agttcttttt tcatgttcta 640 

ataaaacagt ttgaaatgaa caaaaaaaaa aaaaaaaaaa a 681 

<210> 4 
<211> 96 
<212> PRT 

<213> Mytilus galloprovincialis 
<400> 4 

Met Lys Ala Thr Met Leu Leu Ala Val Val Val Ala Val Phe Val Ala 
15 10 15 

Gly Thr Glu Ala His Pro His Val Cys Thr Ser Tyr Tyr Cys Ser Lys 
20 25 30 

Phe Cys Gly Thr Ala Gly Cys Thr Arg Tyr Gly Cys Arg Asn Leu His 
35 40 45 



3 



,0 03 0iF!!3.1 

JC13 Ree'd 



SEQUENCE LISTING 

<110> CNRS 

IFREMER 

ROCH, Philippe 
MITTA, Guillaume 
HUBERT, Florence 
NOEL , Thierry 



<120> ANTIMICROBIAL PEPTIDES DERIVED FROM MOLLUSCS 



<130> MJPcb644/43 



<140> 
<141> 



<150> FR 9908858 
<151> 1999-07-08 

<160> 4 



<210> 1 
<211> 663 
<212> DNA 

<213> Mytilus gal loprovincial is 



<220> 

<221> CDS 

<222> (43) . . (330) 

<220> 

<221> mat_peptide 
<222> (103) . . (222) 

<220> 

<221> sig_peptide 
<222> (43) . . (102) 



<400> 1 

aaggataata ttttgattta actgcaaact caaacgtaca at atg aag gca aca 54 

Met Lys Ala Thr 
-20 



ate ttg tta gca gtt eta gtg gca gtc ttt gtc gca ggt acg gaa get 102 
lie Leu Leu Ala Val Leu Val Ala Val Phe Val Ala Gly Thr Glu Ala 
-15 -10 -5 -1 



cat teg cac get tgt aca tea tac tgg tgt ggt aag ttt tgt gga act 
His Ser His Ala Cys Thr Ser Tyr Trp Cys Gly Lys Phe Cys Gly Thr 
15 10 15 



150 



get agt tgc aca cat tat eta tgc aga gta etc cat ccc ggt aaa atg 
Ala Ser Cys Thr His Tyr Leu Cys Arg Val Leu His Pro Gly Lys Met 
20 25 30 



198 



tgc gca tgt gtt cat tgc age agg gtg aac aat cct ttc aga gtt aat 
Cys Ala Cys Val His Cys Ser Arg Val Asn Asn Pro Phe Arg Val Asn 
35 40 45 



246 
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caa gtt get aaa agt att aac gat ttg gat tac act cca ata atg aag 294 

Gin Val Ala Lys Ser lie Asn Asp Leu Asp Tyr Thr Pro lie Met Lys 

5 0 5 5 60 

teg atg gaa aac ttg gac aat gga atg gat atg tta taagcaaaca 340 

Ser Met Glu Asn Leu Asp Asn Gly Met Asp Met Leu 

65 70 75 



acttatgeaa tgcagatcac aactgtgaat etttgetate attctcactg cttttcacct 400 

ttcaacaaac gaaaaattat cagcaacttg aaaaataaca aacttgagtc atgtctgttc 460 

agtttccagt ctaatattta tatcattata tgaaaggtat aacaaaatta gtaccattgt 520 

gttctaatag aaacaattta taaacaagaa acattacact ttaagtataa attaacagga 580 

ttttgtcctg cagctgtttt atctttcttt tctcagctat agtcttctga ttgtaataaa 640 



atagcttgaa aaaaaaaaaa aaa 



<210> 2 
<211> 96 
<212> PRT 

<213> Mytilus galloprovincialis 
<400> 2 

Met Lys Ala Thr lie Leu Leu Ala Val Leu Val Ala Val Phe Val Ala 
1 5 10 15 

Gly Thr Glu Ala His Ser His Ala Cys Thr Ser Tyr Trp Cys Gly Lys 
20 25 30 

Phe Cys Gly Thr Ala Ser Cys Thr His Tyr Leu Cys Arg Val Leu His 
35 4 0 4 5 

Pro Gly Lys Met Cys Ala Cys Val His Cys Ser Arg Val Asn Asn Pro 
50 55 60 

Phe Arg Val Asn Gin Val Ala Lys Ser lie Asn Asp Leu Asp Tyr Thr 
65 70 75 80 

Pro lie Met Lys Ser Met Glu Asn Leu Asp Asn Gly Met Asp Met Leu 
85 90 95 



663 



<210> 3 

<211> 681 

<212> DNA 

<213> Mytilus galloprovincialis 

<220> 

<221> CDS 

<222> (13) . . (300) 

<220> 

<221> mat_pept ide 

<222> (73) . . (192) 



<220> 

<221> sig_peptide 
<222> (13) . . (72) 



<400> 3 

caaacgtaca ac atg aag gca aca atg ttg tta gca gtt gta gtg get gtc 51 

Met Lys Ala Thr Met Leu Leu Ala Val Val Val Ala Val 

-20 -15 -10 



ttt gtc gca ggt aca gaa get cat ccg cat gtt tgc aca teg tac tac 99 

Phe Val' Ala Gly Thr Glu Ala His Pro His Val Cys Thr Ser Tyr Tyr 
■ -5 -11 5 

tgt age aag ttt tgt ggg act get ggt tgc aca cgt tat gga tgc cga 147 

Cys Ser Lys Phe Cys Gly Thr Ala Gly Cys Thr Arg Tyr Gly Cys Arg 
10 15 20 25 

aat etc cat cgc ggg aag ctt tgc ttc tgt ctt cat tgc age agg gtg 195 

Asn Leu His Arg Gly Lys Leu Cys Phe Cys Leu His Cys Ser Arg Val 
30 35 40 

aag ttc ccg ttt gga gca act caa gat get aaa agt atg aac gaa ctg 243 

Lys Phe Pro Phe Gly Ala Thr Gin Asp Ala Lys Ser Met Asn Glu Leu 
45 50 55 

gaa tac act cca ata atg aag teg atg gaa aat ttg gac aac gga atg 291 

Glu Tyr Thr Pro lie Met Lys Ser Met Glu Asn Leu Asp Asn Gly Met 
60 65 70 

gat atg tta taagcaaact tatgacatga agatcacaac tgtatacttt 340 
Asp Met Leu 

75 



tgetattect gtatccgett tactcctttc ttcacacttt gtaeggaate cgtcaacaga 400 

aaattcatca tcaacttgaa aactaacaaa agatgtgtcg cacacgttac actcaccagt 460 

ccataagtta tatcattaaa aaaagatgaa tcaagttacc gttaacgtgt gttcagatat 520 

atctctgaca gaagaagtaa ctgttaacaa gaaatactgt tttccctcaa gttattaaaa 580 

attagaagtc tccctgcaac tgttttatct ttccttactc agttcttttt tcatgttcta 640 

ataaaacagt ttgaaatgaa caaaaaaaaa aaaaaaaaaa a 681 



<210> 4 
<211> 96 
<212> PRT 

<213> Mytilus gal loprovincial is 
<400> 4 

Met Lys Ala Thr Met Leu Leu Ala Val Val Val Ala Val Phe Val Ala 
1 5 " 10 15 

Gly Thr Glu Ala His Pro His Val Cys Thr Ser Tyr Tyr Cys Ser Lys 
20 25 30 



Phe Cys Gly Thr Ala Gly Cys Thr Arg Tyr Gly Cys Arg Asn Leu" His 
35 40 45 



Arg Gly Lys Leu Cys Phe Cys Leu His Cys Ser Arg Val Lys Phe Pro 
50 55 60 



Phe Gly Ala Thr Gin Asp Ala Lys Ser Met Asn Glu Leu Glu Tyr Thr 

65 70 75 80 

Pro lie Met Lys Ser Met Glu Asn Leu Asp Asn Gly Met Asp Met Leu 

8 5 90 95 
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Arg Gly Lys Leu Cys Phe Cys Leu His Cys Ser Arg Val Lys Phe Pro 

50 55 60 

Phe Gly Ala Thr Gin Asp Ala Lys Ser Met Asn Glu Leu Glu Tyr Thr 

65 70 75 80 

Pro lie Met Lys Ser Met Glu Asn Leu Asp Asn Gly Met Asp Met Leu 

85 90 95 



<210> 5 
<211> 40 
<212> PRT 

<213> Mytilus galloprovincialis 
<220> 

<221> misc_feature 
<222> (2) . . (2) 

<223> Xaa can be Pro or Ser 
<220> 

<221> misc_f eature 
<222> (4) . . (4) 

<223> Xaa can be Val or Ala 
<220> 

<221> misc_feature 
<222> (9) . . (9) 

<22 3> Xaa can be Tyr or Trp 
<220> 

<221> misc_f eature 

<222> (11) . . (18) 

<223> Xaa can be Ser or Gly 

<220> 

<221> misc_feature 

<222> (21) . . (21) 

<223> Xaa can be Arg or His 

<220> 

<221> misc_f eature 

<222> (23) . . (23) 

<223> Xaa can be Gly or Leu 

<220> 

<221> misc_f eature 

<222> (26) . . (26) 

<223> Xaa can be Asn or Val 

<220> 

<221> misc_f eature 

<222> (29) . . (29) 

<223> Xaa can be Arg or Pro 

<220> 

<221> misc_feature 

<222> (32) . . (32) 

<223> Xaa can be Leu or Met 

<220> 



4 



1. 0 O 3 rj-S 3 JL . D ft'S CI O E: 



<221> misc_f eature 

<222> (34) . . (34) 

<223> Xaa can be Phe or Ala 

<220> 

<221> misc_feature 

<222> (36) . . (36) 

<223> Xaa can be Leu or Val 

<400> 5 

His Xaa His Xaa Cys Thr Ser Tyr Xaa Cys Xaa Lys Phe Cys Gly Thr 
15 10 15 

Ala Xaa Cys Thr Xaa Tyr Xaa Cys Arg Xaa Leu His Xaa Gly Lys Xaa 
20 25 30 

Cys Xaa Cys Xaa His Cys Ser Arg 
35 40 



<210> 6 
<211> 40 
<212> PRT 

<213> Mytilus galloprovincialis 
<400> 6 

His Ser His Ala Cys Thr Ser Tyr Trp Cys Gly Lys Phe Cys Gly Thr 
15 10 15 

Ala Ser Cys Thr His Tyr Leu Cys Arg Val Leu His Pro Gly Lys Met 
20 25 30 

Cys Ala Cys Val His Cys Ser Arg 
35 40 



<210> 7 
<211> 40 
<212> PRT 

<213> Mytilus galloprovincialis 
<400> 7 

His Pro His Val Cys Thr Ser Tyr Tyr Cys Ser Lys Phe Cys Gly Thr 
1 5 10 15 

Ala Gly Cys Thr Arg Tyr Gly Cys Arg Asn Leu His Arg Gly Lys Leu 
20 25 30 

Cys Phe Cys Leu His Cys Ser Arg 
35 40 
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